Control Allocation based on all wheel control in the Dynamic Control of an eight in-wheel motor drive vehicle is studied in this paper which adopts the hierarchical control strategy and all the wheels are controllable(AWC), including the upper level controller and the lower level controller. The upper level controller calculates the target force (yaw moment) according to the vehicle motion states. And the lower level controller undertakes the distribution of the target force to each tire accordingly. Furthermore, the control system proposed in this paper integrates active steering with direct yaw moment control strategy.
Introduction
Given the prominent advantages of all electric wheeled armored vehicles, such as fast response and quiet driving model, eight in-wheel motor drive vehicles are widely used in military rescue and investigation deeply inside the enemy's territory. In recent years, whether four in-wheel motor drive vehicles or eight in-wheel motor drive vehicles both have been extensively studied in various research institutes [1.2.3.4] . The vehicle stability control system which adopts hierarchical control strategy is especially applicable for in-wheel motor drive vehicles [3.4] .
Because each motor torque is independent and controllable, control allocation based on all wheel control in the dynamic control tends to realize the stability and maneuverability of vehicle by controlling the distribution of each motor's torque [5] .
The upper level controller mainly resolves the longitudinal force and yaw moment of the vehicle with a reference of its longitudinal and yaw speed. Many researchers ignore the lateral force required in the vehicle movement at a proper level. What is more, though sliding mode control, as an important part of non-liner control strategies, is widely used in intricate nonlinear systems, it will inevitably lead to chattering problems [6] .
As the motor torque is independently controllable, the proposed control strategy tends to meet the target force only by controlling each motor's torque. In this way, the tire longitudinal force will easily reach its saturation in several extreme conditions. And if the upper layer control system uses sliding mode control, the tire lateral force estimation must be made, and as a side-effect, it will enhance the complexity of control strategy [7.8] .
In this stability control system, over-considering the motor torque distribution is hard to meet the desired force (desired yaw moment). And if sliding mode control is used in the upper controller directly, it would cause the chattering problem either [5] . It could be effectively weakened if we selected an appropriate sliding mode function. What is more, tire forces distribution integrates the active steering with direct yaw moment control and it is a good solution to the tire longitudinal force saturation problem.
The hierarchical control strategy constructed for an eight in-wheel-motor drive vehicle in this paper is shown in Figure (1) . According to the relationship between vehicle status and reference variables, the upper level controller using sliding mode control solves the desired target force. The lower level controller is designed to achieve the target force distribution in the tire force using least square method under constraints. Through the longitudinal force of the tire solve the motor drive or braking torque. At the same time, the tire lateral force is used to solve the wheel's active steering angle. Figure 2 . Reference model.
Reference Model
As shown in Figure 2 , the reference model uses a classical 2 degree of freedom(DOF) monorail model [9] . Assuming that the longitudinal speed is constant, and the lateral acceleration is not more than 4m/s 2 . Thus, the reference yaw rate and the reference sideslip angle of the vehicle can be obtained. Their expressions are shown in equation (1) .
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Upper Level Controller
The upper level controller adopts sliding mode control strategy. As a typical nonlinear system, in-wheel-motor vehicles are not suitable to adopt linear control method. By contrast, sliding mode control is especially appropriate as it is a typical nonlinear control method [10] . According to the classical Newton mechanics, the relationship between vehicles desired force and vehicle motion is established. According to the longitudinal and lateral movement of the vehicle, the desired longitudinal force and the lateral force required by the vehicle can be obtained. The desired yaw moment of the vehicle is calculated by the current yaw motion of the vehicle. Their expressions are as follows in equation (2) . ρ . In this paper, longitudinal velocity, sideslip angle and yaw velocity are chosen as control variables [11] . Therefore, as shown in equation (3), the sliding mode function is based on these variables. 
Chattering problem is inevitable in sliding mode motion, and too large chattering will affect the stability of system [12] . In order to avoid the state measurement errors and alleviate the input time and space lagging which lead to severe chattering, it is necessary to weaken and eliminate the chattering. In this paper, the law of constant speed is exerted instead of the sign function. And the expression of the saturation function is as follows equation (7).
The upper level controller is aiming to calculate the desired force, that is, the expected longitudinal force, the expected lateral force and the desired yaw moment. Through the above analysis, the target forces can be obtained. The target force expression is as shown in the formula (8) . 
Lower Level Controller
The core task of the lower level controller is to distribute the desired force on each tire reasonably, which is a statically indeterminate problem with constraints. The factors considered include the friction circle constraint, the maximum torque limit of the motor and the maximum steering angle of the tire. And these constraints should be taken into account when distribute the desired force to tires. According to the vehicle dynamics, the relationship between the desired forces and the tire forces is as follows. u is the control inputs which should be determined at this stage. And the control matrix B is expressed as the formula. 
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Constraint of Tire Force Distribution
As shown figure 3, there are three types of tire force distribution constraints, which are each motor driven or braking constraints, active steering angle constraints, and friction circle constraints. The distribution of the tire forces should not only satisfy the mathematical relation, but also meets the limitation of the maximum tire force [13] . If the longitudinal force and the lateral force exceeded the friction circle constraint, wheels would be slipping which can lead to vehicle instability. The expression for the friction circle constraint is shown as in equation (10) 
Tire Force Constraints
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Active Steering System Constraints
The steering system is subject to its saturation amplitude constraints. The upper and lower bounds of the tire side slip angle and the active steering angle can be easily solved by the lateral force constraint of the tire. First, the upper and lower limits of the tire side slip angle should be determined, as shown equation (12).
Where, = , =
In order to simplify the computational complexity of the model, the control fulfilled fast and real-time. The cornering stiffness is obtained by magic tire model in real time when all wheels under controlled. Therefore, the lateral force constraint of tires can be gained. 
Realization of Tire Force Distribution
The algorithm based on these two programs is especially suitable for the constrained optimal object problem. When the objective function chooses the square of its norm, it can be transformed into a two-programming problem. 
Simulation
Double line driver-in-loop simulation is carried out under the speed of 54km/h and the ground adhesion coefficient of 0.8. The simulation compares all wheel control (AWC) with motor torque control which based on direct yaw moment control strategy (DYC). Especially in these indicators which can response the effects of vehicle stability controlling, such as the vehicle speed, the vehicle centroid side angle-the center of mass side angle rate(β-dβ), the yaw rate and the motor torque. The simulation results are as follows.
Results
Figures 4 to 13 show the simulation results, which can compare their performance between all-wheel control(AWC) and motor torque control based on direct yaw moment control(DYC). Figure 4 and 5 shows the trajectory of the vehicle and the yaw rate under two control strategies, respectively. From the simulation images, it can be concluded that control allocation based on all wheel control(AWC) is better in trajectory following and vehicle speed stability. Furthermore, there is a smaller range of speed variations based on direct yaw moment control (DYC). And as we known, it is detrimental to the stability and smoothness of the vehicle if the speed varied a lot. By the analysis of figure 8 and figure 10 , it can be seen that the longitudinal force and the yaw moment can respectively track the desired longitudinal force and the desired yaw moment. However, as can be seen in figure 9 , the lateral force obviously cannot meet the desired lateral force in the case of direct yaw moment control. This is because motors' output is limited by its maximum torque and cannot meet the desired lateral force. Figure 11 confirms that at some points the motor torque will be saturated, and the motor torque may have a drastic change. In fact, this increases the difficulty of motor controlling, and it is extremely detrimental to the lifespan of the motor. By contrast, it would not happen when adopts all wheel control strategy (AWC). As can be seen in the figure 12 , the motor torque varies smoothly and does not reach its saturation. And from the figure 13, we can find that the steering angle of the electric wheels can be changed reasonably either. This is one of the advantages of all wheel control strategy (AWC) which based on the distribution of the tire longitudinal force and the lateral force. 
Summary
In this paper, eight in-wheel motor drive vehicles are taken as the research object, the whole wheels control strategy(AWC) based on tire force distribution is studied. And the driver-in-loop simulation is done via MATLAB/Simulink. Different control strategies of tire longitudinal force distribution based on direct yaw moment control is compared. By analyzing the simulation results, it can be found that the tire force distribution based on the whole wheels control can achieve better vehicle stability. It is easy to reach motor's maximum torque limitation when the tire longitudinal force allocated based on the direct yaw moment control. Furthermore, the motor torque changes dramatically, which is detrimental to the lifespan of the motor. The strategy proposed in this paper can contribute a better development to the following all wheel control strategies.
